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a  b  s  t  r  a  c  t
The  possibility  of  using  1,3-regioselective  lipases  for the  synthesis  of  2-monoolein  and  1,2-diolein  by
ethanolysis  of  triolein  was  evaluated.  The  reactions  were  carried  out  in  aqueous/organic  two-phase  sys-
tems, achieving  high  reaction  rates  due  to  the interfacial  activation  of  the lipases.  Different  lipases  and
reaction conditions  were  screened.  Commercially  available  lipases  were  used without  puriﬁcation  or
immobilisation.  After  preliminary  tests,  response  surface  analysis  was  used  to optimise  the reaction  con-
ditions for  the  most  promising  enzymes.  Rhizopus  oryzae  lipase  was  the  best  one  for  the  synthesis  ofeywords:
ipase
thanolysis
wo-phase system
2-monoolein,  giving  a  76%  yield  with  an  isomer  composition  of  99:1.  Pseudomonas  ﬂuorescens  lipase  was
the  most  favourable  one  for the synthesis  of 1,2-diolein,  giving  a 58%  yield  and  an  isomer  composition  of
93:7.
© 2014  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-ND
-Monoolein
,2-Dioolein
. Introduction
Monoacylglycerols (MAGs) and diacylglycerols (DAGs) have
any applications in different industries [1]. They are used as
mulsiﬁers and surfactants in the food industry, and certain MAGs
ossess antimicrobial, antioxidant, and antiatherosclerotic prop-
rties [2–4]. Moreover, they are scaffolds for the preparation of
ailored triacylglycerols, which have a wide range of applications,
specially in the food industry, where they have been used to
repare valuable products such as cocoa butter or breast milk
ubstitutes [5–7]. Nowadays, preparation of MAGs and DAGs is car-
ied out by glycerolysis of fats and oils at high temperatures using
norganic base catalysts, obtaining low product yields and qualities
8]. The development of more efﬁcient and less energy-demanding
ethodologies seems to be important. Compared to conventionaltrategies, the use of lipases has many beneﬁts. The regioselectivity
isplayed by certain lipases is one of the major advantages com-
ared with chemical interesteriﬁcation, by which only randomised
Abbreviations: MAGs, monoacylglycerides; DAGs, diacylglycerides; PS, Pseu-
omonas species lipase; PPL, porcine pancreas lipase; CAL-B, Candida antarctica lipase
;  CAL-A, Candida antarctica lipase A; MTBE, methyl tert-butyl ether; MSHFBA, N-
ethyl-N-trimethylsilylheptaﬂuorobutyramide.
∗ Corresponding author. Tel.: +46 462220858.
E-mail addresses: juan.mangas@biotek.lu.se (J. Mangas-Sánchez),
ar.serrano@um.es (M.  Serrano-Arnaldos), patrick.adlercreutz@biotek.lu.se
P. Adlercreutz).
ttp://dx.doi.org/10.1016/j.molcatb.2014.11.014
381-1177/© 2014 The Authors. Published by Elsevier B.V. This is an open access article unlicense (http://creativecommons.org/licenses/by-nc-nd/3.0/).
products can be obtained. Besides, lipases work under mild condi-
tions (pressure, temperature, and pH) and can be used in organic,
aqueous, or two-phase media [9].
Triglycerides are suitable starting materials for the synthesis
of MAGs and DAGs by either hydrolysis or ethanolysis. The use of
1,3-speciﬁc lipases provides 1,2-diolein and 2-monoolein with high
regioisomeric excesses, but spontaneous acyl migration catalysed
by acids, bases, heat, or anion exchange resins can lead to lower
purities of the ﬁnal products. Different enzymatic approaches have
been developed for this process, using either immobilised prepa-
rations or free lipase in different media [10–13]. Commonly, crude
oils are used in these transformations, making the synthesis of pure
2-monolein and 1,2-diolein complicated, since different triglyceri-
des are present in the raw material [14–16]. Recently, Wang et al.
developed a CAL-B-catalysed ethanolysis of triolein, obtaining 2-
monoolein in pure form with 37% yield after solvent fractionation
and crystallisation [17].
When a sufﬁcient amount of a water-immiscible solvent is
mixed with water, a two-phase system is generated. These sys-
tems are of particular interest for reactions with apolar substrates
and products. Lipases evolved especially for the hydrolysis of fats
and oils and they are activated in biphasic mixtures in a process
called interfacial activation [18]. Most lipases have a lid with a
lipophilic side covering the lipophilic active site. Once the lipase
comes into contact with an apolar surface, the lid opens, expos-
ing the lipophilic area where the active site is. This part is oriented
towards the organic layer so the lipid can easily enter the active site
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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nd the hydrophilic products can diffuse into the aqueous layer. For
hat reason, two-phase reaction media seem to be the most suitable
nvironment for these particular enzymes.
Herein we present an effective and highly selective method for
he preparation of pure 2-monoolein and 1,2-diolein using dif-
erent lipases as biocatalysts and ethanol as the nucleophile in a
wo-phase system medium.
. Experimental
.1. Chemicals
Lipase from Rhizopus oryzae (Aldrich, product number 80612),
hermomyces lanuginosus (Sigma), Candida rugosa (Sigma), Pseu-
omonas ﬂuorescens (Aldrich), Rhizopus niveus (Sigma), Rhi-
opus arrhizus (Aldrich, product number 62305), Rhizomucor
iehei (Sigma), Candida antarctica lipase B (Sigma), Candida
ntarctica lipase A (Sigma), Pseudomonas sp. (Aldrich), and
orcine pancreas lipase (Sigma) were obtained from Sigma-
ldrich Co. (Steinheim, Germany). Methyl t-butyl ether (MTBE),
yclohexane, and tetradecane were purchased from Merck
Darmstadt, Germany), n-heptane and ethanol (99.5%) were
urchased from VWR  (Stockholm, Sweden), and N-methyl-N-
rimethylsilylheptaﬂuorobutyramide (MSHFBA, Machery-Nagel)
as purchased from ScantecLab (Partille, Sweden). Triolein was
btained from Larodan Fine Chemicals (Malmö, Sweden). Other
hemicals were of analytical grade.
.2. Alcoholysis reactions
The standard reactions were performed in a 4.5 mL  glass vial
apped with a septum to avoid evaporation using a 235 mM con-
entration of triolein (in the organic solvent), different amounts of
thanol, and 0.4 mL  of water (20%) in 1.6 mL  of n-heptane unless
therwise stated. The reaction was started by adding 75 mg  g−1
ubstrate of lipase dissolved in the water phase. The reactions were
arried out in a Thermomixer at 1000 rpm, unless otherwise stated,
t 37 ◦C. Samples were withdrawn by inserting a Hamilton syringe
hrough the septum. The composition of the starting material as a
olar ratio was found to be 84% triolein, 8% dioleins, and 8% oleic
cid. Duplicates were run for one-factor-at-a-time experiments
nless otherwise stated, showing average values in all cases.
.3. Enzyme activity
The hydrolytic activity of the lipase was measured using a spec-
rophotometric assay based on the hydrolysis of p-nitrophenyl
utyrate. The absorbance of the p-nitrophenol formed was
easured continuously at a wavelength of 400 nm in a thermostat-
quipped spectrophotometer at 25 ◦C using pH 7 sodium phosphate
uffer. The concentration of the substrate was 0.4 mM in the cuvette
nd the enzyme concentration was chosen so as it allow linear
bsorbance measurements for 2 min.
.4. GC analysis
The samples were analysed by GC using a Varian gas chro-
atograph (430-GC-FID, Agilent Technologies Inc., Santa Clara, CA)
quipped with a ﬂame ionisation detector and a FactorFourTM cap-
llary column (VF = 1 ms,  length = 15 m,  and ID = 250 m,  Varian,
gilent Technologies Inc., Santa Clara, CA). Helium was  used as a
arrier gas, and the temperature of both detector and injector was
50 ◦C. The starting temperature of the column was  180 ◦C. This
as maintained for 2.5 min; then the temperature was increased at
0 ◦C min−1 to a temperature of 340 ◦C and maintained for 26 min.
 typical chromatogram is shown in Fig. A.4.Catalysis B: Enzymatic 112 (2015) 9–14
Samples were withdrawn from the organic phase and deriva-
tised by silylation by adding an equal volume of MSHFBA and
incubating them at room temperature for 30 min. An equal vol-
ume  of dry ethanol was added afterwards to stop the reaction. The
samples were diluted 30 times with an internal standard solution
(tetradecane) in cyclohexane to obtain a sample in which the ﬁnal
concentration of tetradecane was  9 mM,  which was suitable for
GC. The concentrations of the compounds were calculated using
response factors obtained by a standard curve.
2.5. Design of experiments
The software MINITAB 14 was  used to design and evaluate the
experimental data of lipase-catalysed triolein ethanolysis. A central
composite design at two  levels was  used, including six replicates for
the central points and two replicates for factorial points, where the
amount of biocatalyst ranged between 25.9 and 54.1 mg  g−1 sub-
strate for the R. oryzae catalysed process and 51.8 and 108.2 mg  g−1
substrate for P. ﬂuorescens. The amount of ethanol ranged between
2.38 and 6.62 equivalents in both cases. The yield after 6 h was the
response. Data were analysed by response surface methodology.
The coded and corresponding uncoded values are given in Tables
A.3 and A.7, respectively.
3. Results and discussion
3.1. Ethanolysis of triolein in a two-phase system
Lipase-catalysed transesteriﬁcation reactions of different kinds
are normally carried out in organic media with low water con-
tent. In order to achieve high catalytic activity in such systems,
immobilisation of the lipase is needed [19]. Although excellent
results have been obtained in many applications using such sys-
tems, one should bear in mind that lipases have evolved to be active
at an oil–water interface. Therefore, organic-aqueous two-phase
systems often provide good conditions for high lipase activity.
Recently, the interest in using such systems for lipase-catalysed
biodiesel production has increased [20]. The ﬁrst aim of the study
was to evaluate the possibility of using a two-phase ethanolysis
reaction of triolein to produce 2-monoolein. As a starting point, we
carried out the conversion using R. oryzae lipase under the best con-
ditions obtained for the ethanolysis of triolein in organic solvents
using immobilised lipases in a previous study, i.e., MTBE as solvent,
37 ◦C, and 750 rpm with a stepwise addition of ethanol (7.8:1 molar
ratio: 3.6 equivalents at the beginning and an additional 4.2 after
45 min) [21]. The reaction mixture was shaken and samples were
withdrawn regularly. After 6 h, 63.8% conversion was obtained,
with dioleins as the main products (125 mM)  and 2-monoolein in
31.3 mM concentration (13.3% yield) (Fig. A.1).
3.2. Stirring rate and solvent choice
In two-phase systems, the overall reaction rate is strongly
determined by the physical properties of the system (such as the
solubility of the substrate and mixing) and not only by the enzyme
activity, so an enhanced agitation would favour the mass transfer
and thereby the reaction. To achieve that, the shaking rate was set
at up to 1000 rpm; a signiﬁcant improvement was  observed, reach-
ing an initial formation rate of 0.105 mol  min−1 mg−1 enzyme
and 98.1% conversion after 4 h, and 2-monoolein was  detected in
132 mM concentration (56.1% yield) (Fig. A.2).Hydrocarbons have often been used as solvents for enzymatic
lipid conversions and n-heptane was  evaluated as a solvent for tri-
olein ethanolysis. Compared to MTBE, a slightly lower conversion
was observed after 4 h (97.6%), but the 2-monoolein concentration
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Table  1
Lipase screening for 2-monoolein preparation using a stepwise addition of 7.8 equivalents of ethanol at 37 ◦C and 1000 rpm. Initial rates calculated at 40 min. Only reactions
with  >5% yield are shown.
Lipase Conversion (%) Maximum yield (%) Regioisomeric composition 2-MO initial formation rate (mol  mg−1 min−1)
R. oryzae 98.1 68.0 99:1 0.233
T.  lanuginosus 87.8 22.1 98:2 0.094
PPL  36.9 8.1 96:4 0.006
P.  ﬂuorescens 50.0 5.8 88:12 0.008
PS  85.1 38.7 94:6 0.011
R.  arrhizus 66.4 33.1 97:3 0.055
R.  miehei 30.9 22.1 99:1 0.172
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Table 2
Inﬂuence of ethanol on R. oryzae lipase-catalysed ethanolysis of triolein to 2-
monoolein using 40 mg of enzyme/g substrate at 37 ◦C and 1000 rpm.
EtOH (molar ratio) Conversion (%) Yield
(%)b
Initial formation
rate
(mol  mg−1 min−1)
7.8 (stepwise)a 97.6 66.9 0.233
7.8  45.7 3.1 0.005
3  99.0 38.8 0.204
4.5  >99 46.7 0.149
6  >99 61.4 0.120ig. 1. Time course of 2-monoolein yield with different lipases using a stepwise
ddition of 7.8 equivalents of ethanol at 37 ◦C and 1000 rpm. Only reactions with
5%  yield are shown. PS: Pseudomonas species lipase; PPL: Porcine pancreas lipase.
as higher (146.6 mM,  62.4% yield) (Fig. A.3). Furthermore, the ini-
ial formation rate of 2-monoolein was also higher when n-heptane
as used (0.233 mol  min−1 mg−1 enzyme).
.3. Lipase screening
Screening of lipases with respect to their performance in triolein
thanolysis was carried out under the selected reaction condi-
ions, i.e.,  37 ◦C, 1000 rpm., n-heptane as solvent, and a stepwise
ddition of ethanol (3.6 equivalents at t = 0 and 4.2 after 45 min).
he results are summarised in Table 1 and the time courses of 2-
onoolein formation are shown in Fig. 1. With R. oryzae lipase,
lmost quantitative conversion was obtained, with a maximal yield
f 2-monoolein of 68% and nearly total regioselectivity. Although T.
anuginosus and R. miehei exhibited a high initial rate, a maximum
ield of only 22% was obtained in both cases due to net consumption
f 2-monoolein starting after 2 and 1 h, respectively. High conver-
ion was obtained with Pseudomonas sp. lipase (PS), reaching 85.1%
fter 6 h with a monoolein yield of 38.7% but showing lower regio-
electivity. Good results in terms of yield (33.1%) and conversion
66.4%) were also achieved when using R. arrhizus lipase. For P. ﬂuo-
escens lipase, 50% conversion was observed after 4 h but mainly
ioleins were obtained.
In terms of regioselectivity, all the studied lipases except for
. ﬂuorescens showed an excellent 1,3-acyl cleavage preference,
btaining regioselectivities above 94:6 towards the formation of
-monoolein.
Higher enzyme loadings were then investigated for R. arrhizus, T.
anuginosus, and R. miehei lipases in an effort to increase the conver-
ion and yield. In all cases, using a double amount of enzyme led to
 decrease in the speciﬁc initial reaction rate, probably due to mass
ransfer limitations. For R. arrhizus lipase, slightly better results
ere achieved, and it was observed that the yield of 2-monooleinncreased from 32 to 37% after 6 h. For R. miehei lipase, 70% conver-
ion was observed, but low 2-monoolein yields were still detected.
or T. lanuginosus lipase, total conversion was obtained but only
ery small amounts of 2-monoolein and dioleins were obtained,a 3.6 equivalents at t = 0 and 4.2 after 45 min.
b After 6 h.
suggesting high glycerol production and thus showing the potential
of this biocatalyst for biodiesel production in which total conver-
sion of triacylglycerols to alkyl esters and glycerol is desired.
In all cases, high oleic acid concentrations were detected at short
reaction times, which indicates competition between water and
ethanol as a nucleophile. Nevertheless, oleic acid concentration
decreased over time and ethylolein concentration increased, sug-
gesting that oleic acid esteriﬁcation occurred during the process.
Candida antarctica lipase B (CAL-B) and Candida antarctica lipase
A (CAL-A) were also evaluated as catalysts for triolein ethanolysis.
Both lipases exhibited a poor conversion of triolein, as 1,2-diolein
was the only product detected after 6 h and its yield was <3%.
With these results, R. oryzae lipase seemed to be the most suit-
able biocatalyst to produce pure 2-monoolein, and thus further
optimisation was  carried out using this enzyme.
3.4. R. oryzae-catalysed 2-monolein synthesis
3.4.1. EtOH inﬂuence
The inﬂuence of ethanol on the lipase-catalysed reactions
was studied (Table 2). Different amounts of ethanol were added
all at once (molar ratios of 3, 4.5, 6, and 7.8) and were com-
pared with the stepwise addition used before. The highest
initial rate was  obtained with the addition of three equiva-
lents of ethanol (0.204 mol  min−1 mg−1 enzyme). Higher ethanol
amounts decreased the initial reaction rate. In terms of yield, higher
amounts of ethanol led to the formation of higher amounts of 2-
monoolein. Nevertheless, when 7.8 equivalents were added from
the beginning, an inhibitory effect of ethanol was  observed, obtain-
ing only 3% yield after 6 h. The stepwise addition was  the best
addition strategy, leading to higher initial rates and yields. In the
ﬁrst ethanolysis step, the formation of diolein, the effect of ethanol
was less signiﬁcant than for 2-monoolein and thus similar initial
rates and yields were obtained at the different conditions stud-
ied (Table A.1). This difference between the effect of ethanol on
monoolein and diolein formation can be useful for achieving a high
diolein/monoolein ratio. For R. oryzae,  at short reaction times this
ratio was quite high (11.7 at 10 min  when using 6 equivalents of
EtOH), but decreased rapidly, and after 120 min  it was  close to 1 in
all cases (Table A.2).
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Table  3
Lipase screening in 1,2-diolein preparation using a stepwise addition of 7.8 equivalents of ethanol at 37 ◦C and 1000 rpm.
Lipase Initial formation rate (mol  mg−1 min−1) Regioisomeric composition Maximum yield (%)
R. oryzae 1.94 97:3 46.5
T.  lanuginosus 1.62 95:5 36.3
C.  rugosa 0.93 89:11 16.2
P.  ﬂuorescens 0.73 93:7 44.1
R.  niveus 0.70 93:7 16.6
R.  arrhizus 0.96 96:4 31.8
R.  miehei 1.23 95:5 28.8
CAL-B 0.22 84:16 14.3
PS  0.62 93:7 16.1
PPL 0.31 85:15 20.7
CAL-A 0.31 93:7 15.4
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(biocatalyst and ethanol) and the quadratic term for the ethanol
variable were the most signiﬁcant (P < 0.01). So we can conclude
that the ethanol factor determines the curvature of the surfaceFig. 2. Contour plot (a) and response surface (b) for triolein
.4.2. Enzyme loading
The effect of catalyst loading was examined in order to check
or possible mass transfer limitations. Enzyme loadings from 30
o 92 mg  enzyme/g substrate were studied at 37 ◦C and 1000 rpm,
sing 3 equivalents of ethanol. The amount of enzyme did not
ffect the maximal yield, and in all cases yields of around 60%
ere obtained. Regarding the speciﬁc initial reaction rate, a
aximum was observed when using 40 mg  enzyme/g substrate
0.233 mol  min−1 mg−1 enzyme). Higher amounts of catalyst only
ed to lower reaction rates, and a 60% reduction was obtained when
 92 mg  enzyme/g substrate loading was used. These results sug-
est that mass transfer limitations occurred in the process in spite
f the vigorous shaking.
.4.3. Process optimisation
After the preliminary results had been obtained and the tem-
erature, shaking rate, and solvent had been ﬁxed, the inﬂuence
f the biocatalyst loading and the amount of ethanol were eval-
ated. The results are summarised in Table A.3. Two regression
odels were computed from a central composite design in which
iocatalyst and ethanol were the variables and 2-monoolein yield
as the response. The contour plots and response surface show
he impact of the biocatalyst loading and the amount of ethanol
n the 2-monoolein yield (Fig. 2a and b). Table A.4 shows the
stimated regression coefﬁcients and ANOVA for the response. A
urface response was computed in which both linear and quadratic
odels were signiﬁcant (P < 0.01). Nevertheless, the interactionerm was not signiﬁcant (P = 0.914). The highest standard error
as computed for the quadratic coefﬁcient of the biocatalyst fac-
or (SE = 2.35) and interaction coefﬁcient (SE = 2.35), so zero was
ncluded within the 95% conﬁdence interval, making these termsolysis at 37 ◦C using R. oryzae lipase in a two-phase system.
insigniﬁcant for the surface model constructed. An adjusted mul-
tiple determination coefﬁcient was estimated, since the model
contained ﬁve independent terms, so 67% of the yield variance was
explained for the model computed. However, a lack-of-ﬁt test was
shown to be signiﬁcant (P < 0.05). One observation could be consid-
ered an outlier (experiment number 8), so it was  removed from the
model. New estimated regression coefﬁcients and ANOVA for the
yield are shown in Table A.5. The adjusted multiple determination
coefﬁcient increased, so 87% of the yield variance was explained
for the new surface constructed, and the lack-of ﬁt test was not sig-
niﬁcant (P > 0.05). The linear terms for both independent variablesFig. 3. Time course of 1,2-diolein formation in the ethanolysis of triolein catalysed
by  various lipases using a stepwise addition of 7.8 equivalents of ethanol at 37 ◦C
and  1000 rpm. PS: Pseudomonas species lipase; PPL: Porcine pancreas lipase.
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spontaneous acyl migration negligible and thus take full advantageFig. 4. Contour plot (a) and response surface (b) for triolein ethanoly
esponse computed. Again, no signiﬁcant effects were detected for
he interaction and quadratic coefﬁcient for the biocatalyst factor
P > 0.05).
The optimal conditions for 2-monoolein synthesis were 30 mg
nzyme/g substrate and 6 equivalents of ethanol, which gave yields
f around 76%. Finally, the operational stability of the enzyme was
ested by measuring the activity of the lipase after 6 h reaction
nder optimal conditions using the hydrolysis of p-nitrophenyl
utyrate as assay reaction. For R. oryzae it was found that only 4%
f the total activity remained after the process.
.4.4. 1,2-Diolein synthesis
Another aim of this study was to evaluate the reaction system
escribed above for the synthesis of 1,2-diolein. Among the stud-
ed lipases, R. oryzae,  P. ﬂuorescens.  R. arrhizus, and T. lanuginosus
howed diolein yields higher than 30% at some point (Table 3 and
ig. 3). The 1,2-isomer was formed preferentially, and R. oryzae,  P.
uorescens, R. arrhizus, and T. lanuginosus showed regioselectivi-
ies above 97:3. For C. rugosa,  only dioleins were formed but with
nly 16.2% yield after 6 h. In most cases, 1,2-diolein concentration
ropped signiﬁcantly or stayed constant after 1 h. However, fur-
her conversion of 1,2-diolein was less favoured with P. ﬂuorescens
ipase than with the rest of the enzymes studied and consequently
igh 1,2-diolein yields were observed during the later stages of the
eaction. After 4 h, a diolein yield of 43% with 92:8 regioselectivity
nd a diolein/monoolein ratio of 7.3 was obtained. Further opti-
isation was carried out using the P. ﬂuorescens lipase. Unlike in
-monoolein preparation, the amount of ethanol did not have any
igniﬁcant impact on the yield or on the initial rate (Table A.6).
lthough they were very similar, the best results were observed
ith the stepwise addition. The effect of the loading of P. ﬂuorescens
ipase was also studied by adding a double amount of enzyme. As
as observed before with R. arrhizus, T. lanuginosus, and R. miehei
ipases, the speciﬁc initial reaction rate decreased, probably due
o mass transfer limitations. Nevertheless, after 4 h, an increase in
he conversion from 50 to 69% was detected, and a ﬁnal dioleins
ield of 55% was obtained after 6 h with 93:7 regioselectivity for
,2-diolein.
.4.5. Process optimisation
The same experimental design as for 2-monoolein synthesis
as set up for 1,2-diolein synthesis. The amount of P. ﬂuorescens
ipase ranged between 31.7 and 128.3 mg  g−1 substrate and the
mount of ethanol ranged between 0.88 and 8.121 equivalents.1,2-diolein at 37 ◦C using P. ﬂuorescens lipase in a two-phase system.
Response surfaces, contour plots, and additional data are provided
in the Supporting Information (Tables A.7 and A.8; Fig. 4a and b).
As in the R. oryzae-catalysed process, there were no combinatorial
effects between the biocatalyst loading and the amount of ethanol.
Besides, neither the enzyme (P = 0.764) nor the amount of ethanol
(P = 0.196) had a signiﬁcant inﬂuence on the response, and the
quadratic model explains only 20% of the variance. The results show
that the diolein yield is inﬂuenced by the enzyme load and ethanol
concentration only to a limited extent in the ranges tested, and thus
yields of around 58% can be obtained under a rather wide range of
conditions, indicating a robust synthesis method. The stability of
P. ﬂuorescens lipase was also tested by measuring the remaining
catalytic activity after the process. In this case, 49% of the total
hydrolytic activity remained, indicating that re-use of the enzyme-
containing aqueous phase for conversion of additional substrate
batches can be worthwhile to investigate in further studies.
4. Conclusions
An effective method has been developed for the preparation
of highly pure 2-monoolein and 1,2-diolein by a lipase-catalysed
process in a n-heptane/water two-phase system. 2-Monoolein was
synthesised using R. oryzae lipase as biocatalyst, with a yield of
76% and a regioisomeric purity above 97%. The optimisation pro-
cess revealed a strong dependence on the ethanol concentration.
On the other hand, 1,2-diolein synthesis was achieved with 58%
yield using P. ﬂuorescens lipase. In this case, the system seems to be
very robust and can tolerate different conditions as similar yields
are obtained regardless of the ethanol and enzyme concentrations
in the ranges studied. Both processes show better results in terms
of both yield and purity compared to the previously reported stud-
ies. Some of the enzymes tested were also efﬁcient catalysts for the
ethanolysis of monoolein and are therefore attractive as catalysts
for other applications such as biodiesel production.
The presented methodology is very simple and does not require
immobilisation of the lipases. Furthermore, the catalytic activity
of the lipases is high in the two-phase system, which means that
short reaction times can be used even at relatively low enzyme con-
centrations. The short reaction time is important in order to keepof the regioselectivity of the lipases. Even though the operational
stability of the lipases is limited, the use of non-immobilised
formulations makes this methodology interesting since the immo-
bilisation represents one of the major costs in a biocatalytic process.
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